Abstract. According to the characteristics of shellfish in the surrounding BoHai sea area, a kind of multi-action cleaning machine used in industrial production is studied. The structures and working principles of the key parts of the cleaning device are introduced in this paper through simulation model and real samples. Based on ANSYS software, the optimal processing parameters suitable for the cleaning device is obtained. Analysis mathematical model and vibration response curve in this study show that the multi-action device ultimately displays the excellent working performance. A PLC control system with emphasis on its control plan and control configuration is described. All in all , this particular cleaning action forms a wider, effective cleaning range, and improves the cleaning efficiency overall , solves the traditional shortcomings of low efficiency of processing, has the advantages of good cleaning effect, stable performance.
Introduction
With marine fishery resources recession, marine farming gradually replaces the traditional mode of fishing. Chao-Jun Jiang (2012) analyses the present situation of the shellfish processing industry and the existing problems [1] . Shellfish will rely on artificial breeding and proliferation of engineering or other ways to increase the amount of resources. However, in terms of shellfish processing technology and equipment have rarely been concerned. Chinese shellfish processing does not belong to the emerging industry, but the development of them has been staying in the primary stage. Due to the cost, performance and other reasons, a large number of shellfish processing equipment has not been widely promoted. Even the production and export volume of main economic shellfish is large, the vast majority of processing areas still stop at pretreatment. Thus, the automatic shellfish cleaning device is very scarce.
Currently many foreign companies and institutes have been studying automatic cleaning machine, and developed some commercial products, so there is still backward areas for the domestic research and development. However, these devices generally have a high price, and it is too hard to operate, which can't meet the demands of Chinese market. Gui-Jun Teng (2015) designed a high pressure air washing machine, delivered by the brush roller [2] . However, the research remains theoretical and has not yet put into practice.
In this paper, the samples mainly aim the collection of four shellfishes (clam, scallops, razor clam, mussel) which are usually eaten in the surrounding BoHai sea area. But owing to the marine chemical industry, tourism, agriculture and other complicated factors, a large number of sewage discharged into this area through BeiTang and DaGu that caused environmental degradation. The water quality deterioration had impacted shellfish's quality. In addition, shellfish unique natural environment and living habits, they are easily attached to impurities. The automatic cleaning device with multi-action have attained full cleaning, can replace the past, complicated manual. The cleaning process is a quicker way to remove the sand from the shellfish.
The Structure of Automatic Cleaning Device and Its Working Principle
The traditional methods of shellfish processing are usually the type of primitive, so the production efficiency is low, which cannot meet the growing demand of market. The shellfish cleaning device on the traditional processing procedure, has the functions of rapid feeding, cleaning, removing impurity, and collecting. The technological procedure is as showed in figure 1. Motor control system is composed of two stepper motors to complete, by two stepper motor driver to control. By searching documents and doing experiments, we get the working cycle diagram of the relative ideal cleaning effect. The diagram are given as follows: When the washing machine ready to work, the feeding port will be opened and shellfish will be added to the cleaning tank. Processing capacity is limited by the pressure sensor. After closing the feeding port, washing machines began to work. When the cleaning work is completed, the drain valve will be opened to remove impurities, and then discharge port will be opened to collect the cleaned shellfish. Cleaned shellfish will be sent to the next step, however, they will be re-cleaning if they do not meet the requirements. The result turns to be the cleaning gives full play to the features of multi-action and its effect is better than that of manual cleaning with the function of the whole device stable. The final effect is satisfying. 
The Working Principle and Its Structure
The special living environment makes shellfish bury in the sand to adhere to sediment, seaweed and other impurities. Therefore, the reliable machine are needed to meet the cleaning requirements. Due to different types of shellfish, time and frequency of cleaning are different. Reasonable design impacts directly on the quality after processing of shellfish.
This equipment is mainly composed of ripple, mixing rod, feeding port, discharging port, cleaning tank, base and motor (as shown in Figure 4 ). The cleaning mechanism consists of the ripple and the mixing rod, which is the main work of the department. They are directly driven by the motor, so the structure of the cleaning device is very solid. The transmission mechanism consists of a motor, a flange, a head bolt, lots of bolts, a seal head and a ripple (as shown in Figure 5 ). The ripple is welded by arc-shaped blade. The structure parameters, the blade dimensions, and the movement mechanism of the impeller have been optimized through simulating the model on computer. The cleaning force factors for considering traditional workpieces installation method are lower than those for prediction. To solve the problem, the model for installation eccentricity was established. The impeller at low speed in the barrel, the six arc-shaped blade push flow, to generate two streams of liquid. One is the axial liquid flow, the other is the radial flow. The mixing device consists of a long pole,12 short rods and 12 brushes (as shown in Figure 6 ). Short and long rod are welded to form a whole. In order to ensure the quality of mechanical products and improve its reliability and service life, the layout of the mixing rod is divided into four layers, each layer of the brush rod are uniformly distributed and length decreasing. In order to avoid a large number of spare standard parts, screw and nut with self-locking structure on the brush. Sediment, seaweed and other impurities on the shellfish surface are shed into the cleaning tank from shellfish because of the influence of collision and friction. 
Mathematical Model of Cleaning Device
The fast rotate speed and the strong force of this device will lead to the violent vibration of the equipment. Therefore, the rate of damaged shellfish will increase. Conversely, the ratio will be reduced remarkably when the device stays at a lower rotation speed. So the operating parameters must be kept within reasonable bounds. Through establishing the mathematical models and using ANSYS software, we can simulate the real working condition of cleaning device. And the optimal operating parameters were subsequently determined.
The Vibration Differential Equations of Cleaning Device
The center of gravity of single stirring brush in the G-spot, while does not coincide with the center of rotation of the mixing rob O-spot. When the mixing shaft rotates with angular velocity, the center of gravity G will be in the presence of acceleration. The acceleration can be expressed as follows:
Under the action of elastic restoring force F, we can get the equations according to Newton's second law.
Eccentricity of single stirring brush is OG   . The stiffness coefficients of mixing shaft is k. The differential equation of the single layer stirring vibration of eccentric is as follows：
The mixing rod is provided with 3 layer stirring brush, and each layer can be regarded as an eccentric disk. The motion of the mixing rob is rotary motion, so we can regard the mixing system as a rotor system with multi disks. We set up a fixed coordinate system with the center line of the bearing seat as the s axis, so the displacement of the cross section of circular plate can be expressed as two column vectors.
The term b is the coordinate value of center position along X axis；The term a is the coordinate value of center position along Y axis. where θ is a deflection angle around the X axis; φ for the deflection angle around the Y axis. The displacement vector of the system can be expressed as:
The differential equation of motion of the mixing system can be expressed as:
where   M is the the mass matrix,  is the angular velocity,   J is the inertia matrix,   K is the stiffness matrix ,   
Let us suppose that the special solutions of the unbalanced response is   t j e C  . Since {C } is the specific complex matrix, the differential equations can be obtained for the rotor system of the mixing rob.
Since c i and ε i can be predetermined, We generate the results about the unbalanced response. 
The Mathematical Model Of Mixing Rod
The flow of any fluid should follow the law of conservation of mass and conservation of momentum, and the simulation of the flow field in the stirred flow field requires to use continuity equation and momentum equation. A channel flow will become turbulent if the critical Reynolds number is above 1100. Re is defined as the ratio of the inertia force over the friction force: 
Based on the optimization modal in ANSYS, the velocity vector was calculated when the cleaning device are in working state. We can learn from the following Fig 8 that the running state meets our design criteria. 
The Control System for Cleaning Device
We simulate the motional status of the actual device by means of designing a cleaning device manoeuvrability physical simulation system, which can be formed by PLC combined with the frequency converter, and motors. D/ A converter converts the digital signals to analog signals, and outputs the analog signals to frequency converter. Frequency converter drives motors to realize stable velocity change operating. The speed sensor can be used to the online state monitor and real-time fault diagnosis of electrical machine. The structure of PLC control system is showed in figure 9 . The design is realized in the creation of a main screen, the configuration to achieve the switching between the different processes of the picture. In the industrial process monitoring system, the monitoring configuration software has obvious superiority, through the monitoring interface intuitive dynamic display, the control process is clear, can accurately grasp the current operating conditions of the system.
Summary
In this paper, an effective control system of cleaning has been designed. The equipment has the features of higher automatism degree, better clean out quality, lower dilapidation rate, stable and reliable capability, easier operation and maintenance. At present, the equipment has been applied to the factory, and it is in good condition about the actual operation. In future study, it is necessary to comprehensively analyze the factors, which affect the finial cleaning effect. Further research on the efficiency of cleaning is necessary.
